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(57) ABSTRACT

A known method for producing a porous carbon product
comprises producing a monolithic template from inorganic
matrix material having pores connected to each other, infil-
trating the pores of the template with carbon or a carbon
precursor substance forming a green body framework con-
taining carbon surrounded by matrix material and calcining
the green body framework forming the porous carbon prod-
uct. In order to provide a method proceeding herefrom which
permits cost-effective production of a product from porous
carbon, according to the invention the production of the tem-
plate comprises a soot separation process in which a hydro-
lyzable or oxidable starting compound of the matrix material
is supplied to a reaction zone, therein converted to matrix
material particles by hydrolysis or pyrolysis, the matrix mate-
rial particles are agglomerated or aggregated and formed to
the template.

13 Claims, 3 Drawing Sheets
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1
POROUS CARBON PRODUCT AND METHOD
FOR THE PRODUCTION THEREOF

The present invention refers to a method for producing a
porous carbon product, the method comprising the following
steps:

(a) producing a monolithic template of inorganic matrix
material that exhibits interconnected pores of the matrix
material,

(b) infiltrating the pores of the template with carbon or a
carbon precursor substance while forming a carbon-con-
taining green-body skeleton surrounded by matrix mate-
rial, and

(c) calcining the green body skeleton so as to form the porous
carbon product.

Furthermore, the present invention refers to a carbon prod-
uct containing porous carbon having a hierarchical pore struc-
ture.

Moreover, the invention is concerned with a matrix mate-
rial for use as a template for producing a molded body of
porous carbon.

Monolithic molded bodies of porous carbon are distin-
guished in relation to their mechanical robustness by a low
weight, high thermal conductivity and adsorption power, and
moreover they exhibit a high chemical and thermal resistance.

Porous carbon is used in electrodes for fuel cells, superca-
pacitors and electrical accumulators (secondary batteries)
and as an adsorbent for liquids and gases, as a storage medium
for gases, as a carrier material in chromatographic applica-
tions or catalytic processes and as a material in mechanical or
medical engineering.

PRIOR ART

Many methods that result in different characteristics espe-
cially with respect to porosity, pore size distribution and
morphology of the pores are known in porous carbon produc-
tion.

DE 20 2004 006 867 U1, for instance, describes the pro-
duction of a porous carbon-based molded body for use as a
cell culture carrier by forming a mixture of carbonizable
plastic particles and inorganic filler particles (such as salts) to
obtain a semi-finished molded part, and by subsequently car-
bonizing the same in a non-oxidizing atmosphere. This yields
a carbon-based molded body from which the particulate fill-
ers are removed by washing or burning, whereby the pores are
exposed.

Applications of the carbon-based molded bodies for elec-
trodes of rechargeable lithium ion batteries require, however,
an electrode material that is able to reversibly insert and
remove (intercalate) lithium. Charging times that are as short
as possible are here desired for the battery. It has been found
that the reactive surface of the electrode, which is composed
of its geo-metric surface and the additional surface ensuing
from internal porosity, is a key parameter for “quick charge-
ability”.

Particularly large inner surfaces comprise so-called “car-
bon aerogels”; these are produced by the pyrolysis of aerogels
on the basis of organic compounds. On account of the large
surface, however, electrode materials made therefrom exhibit
a relatively high “charge loss” that substantially manifests
itself as irreversible loss during the first intercalation of
lithium.

Known are also methods for producing porous carbon
using a temporary preform of porous material (a so-called
template). Such a method is described in DE 29 46 688 Al,
which also reveals a method for producing a carbon product
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according to the aforementioned type. Carbon is here depos-
ited in the pores of a template of inorganic matrix material
that has a surface of at least 1 m*/g. SiO,, gel, porous glass,
aluminum oxide or other porous heat-resistant oxides are
indicated as suitable matrix materials for the template. The
matrix material has a porosity of at least 40% and a mean pore
size in the range of 3 nm to 2 pm.

Carbon is here deposited in the pores of the template using
apolymerizable organic material that is introduced as a liquid
or as a gas and is subsequently polymerized within the pores
and carbonized. After polymerization and carbonization the
inorganic matrix material of the template is removed, e.g. by
dissolution in NaOH or hydrofluoric acid.

This yields a carbon-based molded body having a pore
structure corresponding approximately to the material distri-
bution of the template.

Ease of access to the inner surfaces is however also decisive
for a good and quick charging capacity. In this context a
so-called “hierarchical porosity” turns out to be advanta-
geous. Large surfaces can be provided by pores in the nanom-
eter range. To enhance accessibility to these pores, they are
ideally connected through a continuous macro-porous trans-
portation system.

A carbon monolith with such a hierarchical pore structure
made of macropores and mesopores according to the afore-
mentioned type is described in US 2005/0169829 Al. The
macropores have a pore size in the range of from 0.05 pm to
100 um, preferably in the range of from 0.8 um to 10 um, and
the mesopores have a pore size in the range of from 1.8 nm to
50 nm, preferably in the range of from 5 nm to 30 nm. The
wall thicknesses of the skeletal structure of the carbon mono-
lith are within the range of from 100 nm to 20 pm.

For the preparation of the hierarchical pore structure a SiO,
template is produced. To this end a dispersion of silica beads
with diameters of 800 nm to 10 pm and of a polymerizable
substance are introduced into a mold in which the dispersion
is heated, so that polymerization yields a porous silica gel that
is dried after removal of the excessive liquid and completely
polymerized.

The pores of the SiO, template obtained in this way are
subsequently impregnated with a precursor substance for car-
bon, the carbon precursor substance is carbonized to obtain
carbon and the SiO, template is subsequently removed by
dissolution in HF or NaOH.

The manufacture of the known SiO, template is very time-
and material-consuming, and this is particularly unacceptable
for applications for mass articles such as secondary batteries
in the case of which low productions costs are of decisive
importance.

TECHNICAL OBJECT

Itis the object of the present invention to provide a method
permitting a low-cost production of a product made of porous
carbon.

It is also the object of the present invention to indicate a
product of porous carbon that has a hierarchical pore structure
and is distinguished by a high and fast charging capacity
when used in an electrode of a lithium ion battery.

It is also the object of the present invention to indicate a
matrix material for use as a template.

As for the method, this object starting from a method of the
aforementioned type is achieved according to the invention in
that the preparation of the template comprises a soot deposi-
tion process in which a hydrolyzable or oxidizable start com-
pound of the matrix material is supplied to a reaction zone and
converted therein by hydrolysis or pyrolysis to form matrix
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material particles, the matrix material particles are agglom-
erated or aggregated and shaped into the template.

In the method according to the invention the production of
the template comprises a soot deposition process. A liquid or
gaseous start substance is here subjected to a chemical reac-
tion (hydrolysis or pyrolysis) and deposited from the gas
phase as a solid component on a deposition surface. The
reaction zone is e.g. a burner flame or an electric arc (plasma).
With the help of such plasma or CVD methods, which are e.g.
known under the names OVD, VAD, MCVD, PCVD or
FCVD methods, synthetic quartz glass, tin oxide, titanium
nitride and other synthetic materials are produced on an
industrial scale.

It is here essential for the suitability of the deposited matrix
material for the production of a template that the matrix
material should be present as porous soot on the deposition
surface, which may e.g. be a vessel, a mandrel, a plate or a
filter. This is ensured in that the temperature of the deposition
surface is kept so low that any dense sintering of the deposited
matrix material is prevented. A so-called “soot body” or “soot
dust” is obtained as the intermediate product.

When compared with the production method through the
“sol-gel route”, the soot deposition method is an inexpensive
method which permits a low-cost production of templates for
carbon-based molded bodies on an industrial scale.

In this connection it has turned out to be advantageous that
an anisotropic mass distribution of the matrix material with
hierarchical pore structure is produced by means of the soot
deposition process.

During gas phase deposition primary particles of the
matrix material are formed in the reaction zone with particles
sizes in the nanometer range, the primary particles agglom-
erating on their way to the deposition surface and being
obtained in the form of more or less spherical agglomerates or
aggregates on the deposition surface, which will also be
called “secondary particles” hereinafter. Depending on the
site of formation within the reaction zone and their route to
the deposition surface, the secondary particles consist of a
different number of primary particles and therefore also show
a broad particle size distribution as a rule. Particularly small
cavities and pores in the nanometer range, i.e. so-called meso-
pores, are present within the secondary particles—between
the primary particles, whereas larger cavities or pores are
formed between the individual secondary particles.

When such a matrix material is used for producing a tem-
plate, the inner surfaces of the pores and cavities are occupied
by the carbon-containing start substance during infiltration,
so that the pore structure given in the template is transferred
more or less exactly to the carbon-based product which there-
fore has a hierarchical structure, which corresponds to the
matrix material, with an oligomodal pore size distribution.

In the soot deposition process the matrix material may
accrue in the form of soot powder which is then further
processed by way of granulation, press, slurry or sintering
processes into intermediate products or into the template.
Granules or flakes can here be named as intermediate prod-
ucts. Preferably, however, the soot deposition process com-
prises a layerwise deposition of the matrix material particles
on a carrier moved relative to the reaction zone so as to form
a soot body.

The monolithic soot body obtained thereby, or parts
thereof, is directly useable as a template, the monolithic struc-
ture facilitating the infiltration according to method step (b).
The layerwise deposition of the matrix material particles
contributes to an anisotropic mass distribution in the finished
matrix material. The reason is that the soot body obtained by
layerwise deposition of the matrix-material particles is bound
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to have a layer structure in the case of which the density
between the individual layers differs from the density within
the layers of the matrix material. The layer structure of the
soot body, or of the template produced therefrom, respec-
tively, can be found again in the carbon product and manifests
itself in a plate-like or flake-like morphology.

Inthis connection it has turned out to be particularly useful
when the matrix material particles are deposited on a cylin-
drical outer surface of an elongated carrier rotating about its
longitudinal axis while forming a hollow cylindrical soot
body.

This gas phase deposition method is generally known as
“OVD method” (outside vapor deposition). Matrix material
particles are here deposited on the cylindrical outer surface of
a carrier rotating about its longitudinal axis, resulting in a
“spiral winding” of the deposited matrix-material particle
layer.

The layer-like anisotropic mass distribution of the template
produced thereby also achieves a pronounced layer structure
in the carbon product made therefrom. Due to this morphol-
ogy a separation between layers may easily occur, so that the
carbon product in such a case is obtained in the form of bent
flakes (or platelets or plates), each platelet having one layer,
but normally a plurality of layers. This carbon product is e.g.
suited as a start material for the production of the electrode of
a lithium ion battery, and it is distinguished due to its hierar-
chical pore structure by a high and fast charging capacity.

Advantageously, the soot layers are deposited at a mean
thickness ranging from 10 um to 200 pum, preferably ranging
from 30 um to 100 um.

Layer thicknesses of less than 10 um may lead to a low
mechanical stability of the soot body. In the case of soot layers
having a thickness of more than 200 pm, it gets more and
more difficult to infiltrate them in a uniform manner.

It has turned out to be advantageous when a template is
made having a mean relative density in the range of 10% to
25%, preferably of less than 20%, of the theoretical specific
density of the matrix material.

The lower the density of the template the smaller are the
loss of matrix material and the efforts for removing the same.
At mean densities of the template of less than 10%, however,
a low mechanical stability is obtained, which renders the
handling of the template more difficult. The density of the
porous template is e.g. set by the surface temperature in the
soot deposition process or by pressure and/or temperature
during pressing of particulate matrix material with respect to
the template.

In a preferred variant of the method according to the inven-
tion the inorganic matrix material is removed after calcining
according to method step (c).

The inorganic material just serves here as a mechanically
and thermally stable skeleton for depositing and calcining the
carbon precursor substance. The resulting carbon product is
essentially free of matrix material, so that the surface area
previously occupied by matrix material is also freely acces-
sible. The carbon product therefore manifests a high capacity
in applications where a large surface is also important.

In an alternative, equally preferred procedure, which par-
ticularly aims at the production of an electrode for a lithium
ion battery made from the carbon product, it is intended that
the matrix material is an oxidic material, and that the carbon
product and at least part of the matrix material are used as start
material for producing the electrode.

During short-circuiting in lithium ion batteries strongly
exothermal reactions and explosion-like burning of the accu-
mulators may happen. A proportion of matrix material of
oxidic material can reduce this risk because it additionally
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stabilizes the electrodes. It has turned out to be useful when
the carbon product is divided into finely divided carbon of
porous particles.

In the method according to the invention the carbon prod-
uct is normally present as a monolith or with plate-like or
flake-like morphology and can be easily divided into smaller
particles. The particles obtained after division exhibit the
hierarchical pore structure which is due to the soot deposition
of the template and are e.g. further processed by means of
standard paste or slurry methods into molded bodies or layers.

Preferably, the matrix material is SiO,.

Synthetic SiO, can be produced at relatively low costs on
an industrial scale by means of soot deposition methods using
inexpensive start substances. The SiO, template withstands
high temperatures during calcination. The upper temperature
limit is predetermined by the start of the reaction of SiO, with
carbon into SiC (at about 1000° C.). The removal of the
matrix material in the form of synthetic SiO, according to
method step (d) is carried out by way of chemical dissolution.

The further processing of the template obtained according
to method step (a) is carried out with the help of measures
known from the prior art.

For instance, an aftertreatment of the template may turn out
to be advantageous when the inner surface is provided with
functional groups. In the case of a SiO, template a function-
alization is e.g. recommended using silanes for hydrophobi-
zation, siloxanes, silazanes or other organic materials. Fur-
thermore, for increasing the free surface prior to infiltration
according to method step (b) a thermal treatment of the SiO,
template in combination with an aluminum-containing coat-
ing for conversion into aluminosilicate zeolites is possible.

The infiltration of the pores of the template with carbon or
a carbon precursor substance is carried out by using fluid
(gaseous or liquid) start substances. Solutions of mesophase
pitch or naphtol are e.g. suited as graphitic carbon precursor
substances. Non-graphitic carbon precursor substances are
often used as well, e.g. saccharose, fructose or glucose. The
corresponding substances are infiltrated in dissolved form
into the template. Suitable solvents for the said graphitic
precursor substances are e.g. chloroform and tetrahydrofuran
(THF), while the said non-graphitic precursor substances are
water-soluble.

The infiltration of the precursor substances into the tem-
plate is carried out with the help of the methods known in the
prior art; special mention should here be made of immersing,
pumping and swiveling.

The calcination of the green body skeleton according to
method step (c) is carried out at a high temperature under a
gas which is free of oxygen, if possible, or under vacuum.

The removal of the inorganic matrix material according to
method step (d) is carried out by chemical dissolution. In the
case of SiO, matrix material, particularly acids (such as
hydrofiuoric acid) or bases (such as sodium hydroxide)
should be mentioned as solvents.

After removal of the matrix material the pore-containing
molded body obtained in this way is washed and dried and
subjected to a possible aftertreatment for further finishing of
the base material. Reference should here particularly be made
to calcining under vacuum or inert gas at high temperatures of
up to 3000° C. for further graphitization or calcining under an
oxidizing atmosphere at temperatures of up to about 400° C.
for the selective oxidation of active non-graphitic centers
within the monolith.

As for the carbon product, the aforementioned object start-
ing from a carbon product of the aforementioned type is
achieved according to the invention in that it is present in the
form of porous carbon flakes.
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Such carbon flakes are obtained during their production via
a “template method” when the template is produced by lay-
erwise soot deposition on the basis of the method according to
the invention. The carbon flakes or platelets obtained thereby
have a layer-like morphology and comprise one carbon layer,
but normally a plurality of individual carbon layers. Each
carbon layer consists of a porous carbon skeleton.

The carbon flakes according to the invention consist of
porous carbon having a hierarchical pore structure which is
obtained by virtue of their production by gas phase deposi-
tion, as has already been explained in more detail by reference
to the method according to the invention.

They are particularly well suited for the production of the
electrodes of rechargeable lithium ion batteries having a high
and fast charging capacity. The electrode is here present in the
form of a layer of carbon particles. Transition resistances
which may impair electron conduction and which may
increase due to aging occur at the contact points between
discrete individual particles. The carbon flakes according to
the invention do not show this drawback, for these are not
composed of discrete and movable individual particles, but
they are formed by a carbon skeleton or by a plurality of
coherent carbon skeletons.

The carbon skeleton is suited for occupation by nanopar-
ticles and is thus also useable as an electrode material of an
accumulator or battery, and also for the aforementioned appli-
cations.

Preferably, the carbon flakes have a layer structure with a
mean layer thickness in the range of from 10 pm to 200 pum,
preferably in the range of from 30 pm to 100 pm.

The layer structure of the carbon flakes reflects the layer-
like anisotropic mass distribution of the SiO, template. Layer
thicknesses of less than 10 um can lead to a small mechanical
stability of the carbon flakes. Carbon flakes with a thickness
of more than 200 pm are increasingly inhomogeneous over
their thickness.

When carbon flakes are used for producing an electrode
layer of a lithium ion battery, the layer thickness of the carbon
flakes is ideally in the order of the thickness of the electrode
layer. This avoids or reduces transition resistances between
smaller discrete carbon particles.

For the production of such an electrode layer the carbon
flakes are dispersed in a liquid and further processed by
means of the known methods into the porous carbon layer.

As for the use as a template for making a product of porous
carbon, the aforementioned object is achieved according to
the invention in that a SiO, soot body is used for said purpose.

Synthetic SiO, can be produced at relatively low costs on
an industrial scale by means of soot deposition methods using
inexpensive start substances. Soot bodies of synthetic SiO,
are distinguished by a high thermal resistance and by an
anisotropic pore distribution that makes them directly suited
for use as a template.

EMBODIMENT

The invention will now be explained with reference to an
embodiment and a drawing in more detail. In detail,

FIG. 1 shows an apparatus for producing a SiO, soot body
in a schematic illustration;

FIG. 2 shows a CT photograph of a soot body in a view
taken in the direction of the longitudinal axis of the soot body;

FIG. 3 shows a SEM photo of a template in the form of a
Si0, soot body with hierarchical pore structure;

FIG. 4 shows a SEM photo of the SiO, soot body with a
10-fold magnification as compared with FIG. 3;
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FIG. 5 shows a SEM photo ofa carbon product obtained by
using the soot body according to FIG. 3; and

FIG. 6 shows a diagram on the pore size distribution of the
carbon product according to FIG. 4, determined by mercury
porosimetry.

The apparatus shown in FIG. 1 serves to produce a SiO,
soot body. Several series-arranged flame hydrolysis burners 2
are disposed along a carrier tube 1 of aluminum oxide. The
flame hydrolysis burners 2 are mounted on a joint burner
block 3 which is moved to and fro in parallel with the longi-
tudinal axis 4 of the carrier tube 1 between two turning points
that are stationary relative to the longitudinal axis 4, and
which is movable in a direction perpendicular thereto, as
illustrated by the directional arrows 5 and 6. The burners 2
consist of quartz glass; their mutual distance is 15 cm.

Each of the flame hydrolysis burners 2 has assigned thereto
a burner flame 7 the main propagation direction 8 of which
extends in a direction perpendicular to the longitudinal axis 4
of the carrier tube 1. With the help of the flame hydrolysis
burners 2 SiO, particles are deposited on the cylindrical outer
surface of the carrier tube 1 rotating about its longitudinal axis
4, so that the blank 11 is built up layer by layer with an outer
diameter of 400 mm The individual SiO, soot layers have a
mean thickness of about 50 um.

Each of the flame hydrolysis burners 2 is fed with oxygen
and hydrogen as burner gases and with SiCl, as the feedstock
material for the formation of the SiO, particles. The burner
block 3 is here reciprocated with an amplitude of two burner
distances (i.e. 30 cm). During the deposition process a mean
temperature of about 1200° C. can be observed on the blank
surface 12.

After completion of the deposition process a tube of porous
SiO, soot (soot tube) with a length of 3 m, an outer diameter
01400 mm and an inner diameter of 50 mm is obtained. The
temperature during the build-up process of the soot body is
kept comparatively low, so that the SiO, soot material has a
small mean relative density of 22% (based on the density of
quartz glass 2.21 g/cm®).

The soot tube is subjected to a CT examination (computer
tomography). The soot tube is here penetrated over its length
by X-rays. The images obtained thereby allow quantitative
and qualitative statements on the SiO, mass distribution and
intensity and homogeneity of the axial and radial layer struc-
ture of the soot tube.

FIG. 2 shows the corresponding CT image. In this imaging
technique, areas of a relatively high density appear as bright
surface areas. On the basis of distinct brightness differences
one can clearly discern layers extending in parallel with one
another with a layer thickness of about 50 um.

The SEM photos of the soot body according to FIGS. 3 and
4 show a skeletal structure having a multitude of coherent
pores and cavities of different sizes. As can particularly
clearly be seen in FIG. 4, the skeletal structure is composed of
individual spherical and intergrown SiO, secondary particles.
These form a finely fissured surface through which larger
cavities extend in the form of channels. A measurement of the
specific inner surface area according to the BET method (DIN
1SO 9277, May 22003) shows measurement values of about
20 m%/g.

The soot body is used as a template for the production of
porous carbon. The soot body is here introduced into an
immersion bath of a solution of mesophase pitch in THF. The
impregnated material is subsequently dried. These impreg-
nating and drying steps will be repeated until there is no
longer a free pore volume of any significance.

The resulting green-body skeleton consisting of soot body
and dried pitch layers is calcined by heating in nitrogen. A
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skeletal composite structure of quartz glass and carbon that
has a specific (BET) surface area of about 100 m*/g is formed.
The increase in the specific surface area as compared with the
Si0, soot body might be due to a fine structuring of the carbon
occupation.

The SiO, matrix material is removed by introducing the
impregnated soot body into a hydrofluoric acid bath. After the
Si0, skeleton has been etched away, the molded body which
is obtained thereby and consists of porous carbon is washed
and dried and subjected to a further calcining step under
vacuum at a temperature of about 2500° C. for further graphi-
tization.

The carbon product obtained thereby has a graphite-like
layered configuration and is composed of a plurality of layers
of plate-like or flake-like structures that are bent and can be
easily crushed. The individual paper-like layers that have a
mean thickness of about 50 um are due to the original layer
structure of the SiO, soot body.

The SEM photo of FIG. 5 shows the pore structure of the
resulting molded body of porous carbon. It shows negative
imprints of the original spherical SiO, secondary particles
and is also otherwise similar to the pore structure of the
template. It is particularly distinguished by a hierarchical
pore structure, with a multitude of relatively large pore chan-
nels (macropores) that extend through an otherwise finely
fissured surface structure. A measurement of the specific
inner surface area according to the BET method yields mea-
surement values of approximately 200 m*/g, i.e., about twice
the specific surface area of the composite body of carbon and
quartz glass.

The diagram of FIG. 6 shows the pore size distribution of
the porous carbon. The cumulative pore volume Ve in [cm®/g)
is plotted on the left ordinate and the relative pore volume V
in [%] on the right ordinate against the pore diameter D in
[nm]. It must here be borne in mind that the illustrated mea-
surement results were obtained by way of mercury porosim-
etry. The technique is based on the intrusion of the non-wetted
liquid mercury into a porous system under pressure. This
method provides reliable information on the pore size distri-
bution, the pore volume, the apparent density and the true
density in the range of macropores up to large mesopores, but
not for pores in the nanometer range.

It can be seen that the porous carbon is distinguished by a
broad pore size distribution that ranges from 5 nm to 100,000
nm and shows a maximum at a pore size of about 400 nm. The
specific inner surface area determined therefrom is about 27
m?/g. The discrepancy with respect to the value determined
according to the BET method of about 200 m*q can be
explained in that the pores in the nanometer range that make
up the greatest proportion relative to the total inner surface
area cannot be encompassed by this measurement.

This carbon product is used as a start material for the
production of an electrode of a rechargeable lithium ion bat-
tery. To this end it is comminuted and received in a dispersion
and is processed with the help of the standard methods into
the electrode. The plate-like or flake-like morphology of the
particles and their broad pore size distribution as well as the
hierarchical pore structure are here maintained. This is a
precondition for a high and fast charging capacity of the
lithium ion battery.

The invention claimed is:

1. A method for producing a porous carbon product, said
method comprising:

(a) producing a monolithic template of inorganic matrix
material that exhibits interconnected pores of the matrix
material, wherein the producing of the template com-
prises a soot deposition process in which a hydrolyzable
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or oxidizable start compound of the matrix material is
supplied to a reaction zone and converted therein by
either a flame or an electric arc so as to form matrix
material particles, and the matrix material particles are
agglomerated or aggregated and shaped into the tem-
plate,

(b) infiltrating the pores of the template with carbon or a
carbon precursor substance while forming a carbon-
containing green-body skeleton surrounded by the
matrix material,

(c) calcining the green body skeleton while forming the
porous carbon product, and

(d) removing the inorganic matrix material after the cal-
cining.

2. The method according to claim 1, wherein an anisotropic
mass distribution of the matrix material with hierarchical
pore structure is produced by means of the soot deposition
process.

3. The method according to claim 1 wherein the soot depo-
sition process comprises a layerwise deposition of the matrix
material particles on a carrier moved relative to the reaction
zone while forming a soot body.

4. The method according to claim 3, wherein the matrix
material particles are deposited on a cylindrical outer surface
of an elongated carrier rotating about a longitudinal axis
thereof as to form a hollow cylindrical soot body.

5. The method according to claim 3 wherein the soot layers
are deposited at a mean thickness ranging from 10 pm to
200 pm.
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6. The method according to claim 3 wherein the soot layers
are deposited at a mean thickness ranging from 30 um to 100
pm.

7. The method according to claim 1, wherein a template is
made having a mean relative density in the range of 10% to
25%, of the theoretical specific density of the matrix material.

8. The method according to claim 1, wherein the carbon
product is obtained in the form of porous carbon flakes.

9. The method according to claim 1, wherein the matrix
material is an oxidic material, and the carbon product and at
least part of the matrix material are provided as start material
for producing an electrode for a lithium ion battery.

10. The method according to claim 1, wherein the carbon
product is divided into finely divided carbon of porous par-
ticles.

11. The method according to claim 1, wherein the matrix
material is SiO,.

12. The method according to claim 1, wherein a template is
made having a mean relative density in the range of 10% to
20%, of' the theoretical specific density of the matrix material.

13. A method for providing a product of porous carbon,
said method comprising:

providing a SiO, soot body by deposition of soot particles

from gas phase from a burner flame; and

using the soot body as a template in forming the product of

porous carbon.



